The equatorial X-ray diffraction pattern in vertebrate skeletall muscle arises from the double hexagonal array of the thick and thin filaments. When a muscle contracts isometrically, the intensity of 1,0 equatorial reflection (I1,o) decreases while that of 1,1 reflection (I1,1) increases, each by a factor of two.1~-4~ This has been interpreted as being due to the radial movement of the cross-bridges from the vicinity of the thick filaments towards the thin filaments.2~,4~ Although the time-resolved X-ray diffraction studies have recently been performedd on isometrically and isotonically contracting muscles to give information about the kinetic properties of the cross-bridges~-8 ~ no experiments have been performed in conditions in which both the force and the muscle length change with time. The present paper deals with the time-resolved X-ray diffraction of frog skeletal muscle during shortening against an inertial load and a quick release.
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All experiments were made with the sartorius muscles of the bullfrog Rana catesbeiana.
The muscle was mounted vertically in an experimental chamber with two Mylar windows and a multi-electrode assembly; the pelvic end was clamped to the chamber or attached to a strain gauge to record isometric force, while the tibial end was connected to an alminium lever with two arms of equal length (7 cm), the change in muscle length being recorded with a differential transformer sensing the lever angle. The initial sarcomere length was adjusted to 2.2-2.4 pm by the diffraction pattern of He-Ne laser light. The muscle was continuously perf used with oxygenated Ringer solution (2-4°C), and twitches were produced by applying supramaximal current pulses of 2 msec duration at intervals of more than 10 sec. The low angle equatorial X-ray diffraction pattern (specimen to focus distance, 36 mm) during twitches were recorded with a position sensi- [Vol. 56(B), tive proportional counter coupled with a data collection system.o>>10~ X-rays were obtained from a Rigaku RU-200 and a RU-1000 rotating anode fine-focus generator operated with a Cu target at 40 KY and 30 mA and at 50 KY and 65 mA respectively. The change in the intensity ratio of two equatorial reflections (Il,o/I1,1) during a single twitch could be examined with a time resolution of 10-25 msec. To obtain reasonable photon statistics, twitches were repeated 90-120 times. Fig. 1 illustrates the experimental conditions. A moderate weight (about 0.3 P0) was attached to one arm of the lever, while the muscle was connected to the opposite arm. When the distance between the pivot and the point of attachment of the muscle was large enough as compared with that between the pivot and the point of attachment of the weight (A), the load served as an isotonic load ; the muscle shortened isotonically with a constant velocity while the force exerted by it balanced with the isotonic load imposed by the weight (C). If, on the other hand, the distance between the pivot and the weight was large enough compared with that between the pivot and the muscle (B), the weight served as an inertial load ; the force exerted by the muscle continued to rise after the beginning of shortening to reach a peak, and then started to decay while the shortening was still in progress (D). In A, the muscle was attached to one arm of the lever at 6 cm from the pivot, while the weight was attached to the opposite arm at 1 cm from the pivot. In B, the muscle was attached to one arm at 1 cm from the pivot, while the weight was attached to the opposite arm at 3 cm from the pivot.
C, D : Force (upper traces) and length (lower traces) changes during an isotonic twitch (C) and during a twitch against an inertial load (D). were obtained on four other muscles examined. Thus, the minimum value of the intensity ratio attained during an isotonic twitch under a moderate load did not differ significantly from that attained during an isometric twitch,6>'7> in agreement with the previous report.5),11> Fig. 3 shows a typical time course of change in the intensity ratio during a twitch against an inertial load, in which the peak force exerted by the muscle was about 0.4 Po. The intensity ratio also started to fall on stimulation to reach a minimum value of 0.5-0.6 at the early shortening phase, but the minimum value was not maintained until the beginning of relaxation, starting to return towards the initial value while the shortening still continued. Thus, the change in the intensity ratio was roughly a mirror image of the change in the force exerted by the muscle (see Fig. 1D ). Similar results were obtained on five other muscles studied.
These results may be taken to indicate that, during a twitch under an isotonic or an inertial load, the change in the intensity ratio reflects the time course of force generation, i.e, the change in the number of cross-bridges attached to the thin filaments, but not the time course of shortening.
This implies that the possible change in configuration of the cross-bridges per se during shortening may not contribute markedly to the change in the intensity ratio. Fig. 4 shows a typical result of the experiments, in which a quick release (3-4% of muscle length) was applied during the rising phase of an isometric twitch. The intensity ratio had already reached a minimum value of 0.5-0.6 before the quick release was applied. No distinct effect of the quick release was observed on the time course of change in the intensity ratio, though the force fell to zero by the release and then started to rise again after the completion of the release. Similar results were obtained on three other muscles.
In the contraction model of Huxley,12~ the cross-bridges displaced into the negative force region by a quick release detach rapidly from the thin filament, while the cross-bridges start to reattach to the thin filaments in the positive force region. Our tentative calculation with appropriate values of rate constants13~ shows that the number of attached cross-bridges reaches a minimum (about 60% of the initial value) in about 10 msec after a quick release, implying that, contrary to the above results, the intensity ratio may be expected to exhibit a transient increase after a quick release. It remains to be seen whether the transient increase in the intensity ratio can be detected with a much improved time resolution of the measurements.
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Note added in proof. Recently, we have been informed by H. E. Huxley that he also observed no marked effect of a quick release on the change in the intensity ratio (I1 ,~/I1,1) even with a time resolution of 3 msec.
